Composition and Activation THE acrylic filling materials, in spite of differences between individual brands, have basically the same structure as the original heat-cured acrylic denture resins, and the familiar defects and limitations inherent in the nature of methyl methacrylate have not been eliminated in the newer form of the material.
the newer form of the material.
In the first place there is a volumetric contraction in the monomer on conversion to polymer. This means that, unless compensated, there is a potential contraction in the filling of approximately 6 %, which is only partially annulled by the subsequent expansion due to water absorption of 1 25 % (Smith and Schoonover, 1953) . The material is unfortunately soft in comparison with other filling materials and tooth structure, and is likely to wear under the forces of attrition and abrasion. Another property, which is of particular significance when the resin is applied to teeth in order to seal cavities, is its high differential thermal expansion over seven times greater than tooth structure (Nelsen et al., 1952) .
However, the particular feature of the acrylic filling materials which has distinguished them from their laboratory predecessors is the speed of polymerization. Great heat cannot be applied for a matter of hours in the mouth, nor can heavy spring pressure be used to assist in compensating for polymerization contraction. Instead, some form of chemical acceleration or activation is employed together with control of the shrinkage. This is effected by directing the polymerization towards tooth structure, either by chemical means again or by clinical technique.
Three distinct types of activator systems seem to have been evolved, based on an amineperoxide reaction, sulphinic acid or a sulphur-peroxide system respectively.
In Type I about 0 5 % of a tertiary amine is dissolved in the monomer liquid and about the same quantity of benzoyl peroxide is mixed with the polymer powder. On mixing, it is probable that the amine brings about a splitting of the unstable peroxide molecule. The free bonds of this split molecule (free radicle) attempt to saturate the double bond of the unsaturated carbon atoms in the acrylic molecule. These bonds are opened and polymerization is initiated (the so-called free radicle polymerization).
The earliest activators were aromatic amines (F.I.A.T., 1947) but it was found that these tended to discolour the resin, and aliphatic amines, such as N-trihexylamine, were next employed. However, these required treatment with an infra red lamp or an initial heat shock to stimulate the activation and were soon discarded. Manufacturers then reverted to aromatic amines, such as dimethyl-p-toluidine, but discoloration rapidly became a 12 major problem. This was probably due to subsequent oxidation of the amine. The manufacturer of one Type I resin claims to have overcome this by purifying the amine, which is easily contaminated by dimethyl-m-toluidine of similar boiling point. Stabilizing agents are also employed now in other resins using this activation system, while the addition of cross-linking co-polymers may also help the colour stability.
The second type of activation system was developed to avoid discoloration and speed the reaction, and was based on the use of para-toluene sulphinic acid which can initiate the polymerization of methylmethacrylate without the aid of additional substances (Hagger, 1951) . However, sulphinic acid is unstable, easily being oxidized to para-toluene sulphonic acid, and so is supplied in an inert silicone.base. Resins activated by this system are thus very susceptible to contamination by moisture during polymerization. In the Type II resin there is in addition an accelerator in the monomer liquid which is a trade secret, but it does not invalidate the above outline.
The high hopes of complete colour stability with this activator have been frequently disappointed. Discoloration may be due to the use of excess sulphinic acid catalyst, which is retained in suspension in the filling and is liable to decomposition. It may also be the result of too much hydroquinone inhibiter in the monomer, which can occur if monomer liquid is allowed to evaporate. An excess concentration of accelerator may then be present, in addition, and also have an adverse effect on the colour stability.
Ultraviolet light has a tendency to discolour acrylic and increase the breakdown of potential discolouring agents. A derivative of 2 : 4 di-hydroxy-benzo-phenone is now included in this resin and is supposed to counteract discoloration due to ultraviolet.
The third type of system is a modification of the first in which lauryl mercaptan, an aliphatic compound containing sulphur, is employed to react with benzoyl peroxide. The activator is contained in a separate tablet of compressed polymer, which is crushed and incorporated into the mix. Lauryl mercaptan is comparatively stable in storage and like the amines is not unduly affected by a small amount of moisture. It also appears to have good colour stability.
There remains the problem of shriykage compensation. This may be achieved clinically, but in a number of products is assisted chemically. Thus, in one Type I resin, a liquid containing a high concentration of one of the activators is used on the cavity floor to commence polymerization at that surface first, so that any shrinkage is directed towards the walls of the cavity. The Type II resin has a special adhesive which is applied to the cavity and is then polymerized by the main mass of the filling material. Histological evidence shows that it does, in fact, have an effect on the dentine (Kramer and McLean, 1952) . This adhesive is probably glycerophosphoric acid di-methacrylate.
The Type III resin contains methacrylic acid which has the effect of increasing the apparent adhesiveness of the resin, as well as speeding the set and producing a cross-linked polymer. Of all the main classes of filling materials used in dentistry, only the self-polymerizing acrylic resins have received extensive laboratory investigation soon after their introduction and, in some cases, prior to their introduction, in an effort to determine their biological effects. I shall discuss the results of these investigations from the aspect of the irritancy of the materials. I shall not touch on the possible damage to the pulp which might result from the percolation of mouth fluids and mouth organisms between the filling material and the cavity walls.
It has already been pointed out that all these materials have certain basic constituents in common, at least one of which-the monomer-is an irritant. Therefore, it would hardly be surprising if the various brands of self-polymerizing resins were found to have somewhat similar biological effects, and this has proved to be the case. Most of the brands on the market have been tested in experimental teeth which were subsequently examined histologicaliy and, with a very few dissenting reports (Lefkowitz et al., 1949;  Seelig and Lefkowitz, 1950 ; van Huysen and Boyd, 1953) , the majority of investigators have found each to be capable of causing pulp irritation. Some investigators have attempted to go further than simple tests for irritancy and inertness, and have tried to place the tests on a roughly quantitative basis so that the degree of irritation caused by the various brands could be compared (Kramer and McLean, 1952; McLean and Kramer, 1952; James et al., 1954) . These investigations indicate that, in general, the pulp reactions to all the resins activated by a benzoyl peroxide-tertiary amine system are similar, and that the reactions to the resin activated by para-toluene sulphinic acid is also of a similar degree and type. In connexion with this latter material (Sevriton) it is of interest to note that, when used experimentally in unlined cavities, the pulp response is the same whether or not the adhesive cavity seal is used (McLean and Kramer, 1952) .
Interesting and unexpected results have been obtained with two materials containing methacrylic acid, for it appears that the presence of this compound may result in a type of pulp reaction quite different to that found with all the other materials. With most resins the pulp changes are of the types one would expect-dilatation of the vessels, infiltration of the tissue with inflammatory cells and sometimes secondary dentine formation. On the other hand, the response to the resins containing methacrylic acid is characterized by the development of large or small, single or multiple, blister-like fluid accumulations in the pulp, accompanied by remarkably little evidence of inflammatory cell infiltration (Kramer, 1954) . The evidence has been briefly reported elsewhere (Kramer, 1955) and will shortly be published in detail. There appears to be little doubt that methacrylic acid is the resin component responsible for these curious lesions. The laboratory investigations do not indicate that they result in pulp death, and so far as I am aware the widespread clinical use of one of the methacrylic acid-containing materials by the dental profession has not produced any evidence that the proportion of restorations followed by pulp death is greater than with the other resin materials.
From the laboratory investigations we may conclude that all the self-polymerising resins so far marketed are potential irritants, and all are irritant to approximately the same degree (with the possible exception of those containing methacrylic acid, which cannot be compared directly with the others because the type of reaction is different). However, it is a point of some practical importance that the degree of pulp damage appears in most instances to be almost directly related to the proximity of the irritant material to the pulp. For any given resin, with a shallow cavity the pulp may escape unscathed whereas severe damage would result if the same material were placed unlined in a deep cavity. It is not unlikely that two factors are operating here, for one must not only consider the proximity of the material to the pulp, but also the greater volume of material likely to be contained in the deeper cavity. Now we must consider how the results of these laboratory investigations should be interpreted in terms of clinical use. Because of the stringencies of the technique of the controlled experiment, most of the tests have been carried out in conditions which many practitioners may consider somewhat unrealistic, and this criticism is entirely justified although difficult to meet. Most investigators carried out their experiments using cavities cut in non-carious teeth, highly desirable if a controlled experiment is to be conducted, but not in accordance with normal clinical use. Therefore, it needs to be emphasized that it is unwise to assume that the pulp reactions in these research investigations will exactly reflect the pulp reactions to be expected with normal clinical use. Indeed, most research workers emphasize that they may not be the same. However, the investigations do give useful indications of potential irritancy, and the results obtained show that a lining material having as little irritant effect as possible should be used. Oxyphosphate cement is compatible with the resins, is the most commonly used lining material, and would appear to be reasonably satisfactory from the biological standpoint.
One further subject needs to be emphasized in this brief review. Recent laboratory investigations have shown again what has long been realized by most, but not all, cliniciansthe absence of pain after filling cannot be taken as an indication that the pulp has escaped significant damage. The histological study of the pulp changes following filling has been compared with the patient's pain experience over the same period and it has been shown that severe pulp changes can be entirely symptomless (Kramer, 1954) . It follows, therefore, that the irritant effects of new filling materials cannot adequately be judged without histological studies. 13 377 378 Proceedings of the Royal Society of Medicine 1t SUMMARY Extensive investigations have shown (1) that all self-polymerizing acrylic resins so far marketed are probably sufficiently irritant to require a lining wherever possible, (2) that oxyphosphate cement, although not free from irritant properties of its own, has proved a.
reasonably suitable lining material from the biological point of view, (3) freedom from symptoms after filling is no adequate indication of absence of significant pulp damage. ACKNOWLEDGMENTS Thanks are due to Mr. J. W. McLean, Mr. G. A. Morrant and many others for their invaluable collaboration in the author's investigations on the biological effects of selfpolymerizing acrylic resins.
Mr. H. M. Pickard:
Clinical Evaluation It is my task to summarize the value of autopolymerizing acrylic resin as a direct filling material, and I find that amongst practitioners there is a very wide divergence of opinion on this subject. The clinical characteristics derive directly from the physical, chemical and biological properties and are an immediate criterion of its value in restorative dentistry. It is therefore my purpose to relate these characteristics to its clinical behaviour.
Probably the most satisfactory aspect of this material is to be found in its asthetic properties. When properly handled and uncontaminated it can produce restorations which blend remarkably well with the intact dental tissues. Subsequent discoloration of the mass due to chemical change, as has been referred to, has been largely eliminated, but failure in preparation of the cavo-surface angle and in manipulation are still causes of deterioration. Porosity from whatever cause, the retention of marginal flash, the occurrence of a marginal "ditch" and leakage are the common causes of various types of discoloration which may supervene with the passage of time.
The low values in hardness, strength and stiffness preclude the use of acrylic in stressbearing restorations. To our great disappointment it has failed to solve the problem of restoration of the incisal angle, except as a temporary measure. Its use in this position in conjunction with gold introduces colour-matching difficulties which are not simple of solution, although its replacement at comparatively frequent intervals is fairly easy. There can be little doubt that it is seen to best advantage in Class III and Class V cavities, but in some of the latter its softness is a distinct disadvantage.
One of the least favourable characteristics of any restorative material is that of shrinkage upon setting. A volumetric redu6tion of 6 to 7 % on polymerization arising from the physicochemical change appears to be unavoidable with this material and various techniques are aimed at compensating for that property, by keeping the mass in close contact with the cavity walls and allowing shrinkage to take place in areas where it can be corrected by an excess.
The use of pressure and lamination techniques, including that first publicized by Nealon, have this as their object, whilst a cavity-sea]ing material, which, it is claimed, forms a molecular cohesion between tooth and filling mass, has been widely used with considerable success at the hands of many operators. I think it has yet to be convincingly demonstrated that any of the so-called pressure techniques do, in fact, result in a significant positive pressure within the polymerizing mass, and if they did so the setting up of internal stresses, with their subsequent effect on water absorption and warpage leave the desirability of such a procedure open to doubt. It may be that the most desirable aspect of these techniques is the immobility of the matrix during the crucial period of setting.
Another related hazard in the use of acrylic lies in the discrepancy of its coefficient of thermal expansion from that of natural tissues. It is true that few existing filling materials except silicate cement approach closely to the figures generally accepted for dentine and enamel, but a sevenfold difference seems a very large gap to bridge. We are therefore not surprised to learn of the phenomenon of seepage which has been demonstrated to occur over a range of temperature change which, you may consider, is probably rather greater than is commonly to be found in the incisor teeth. This little-known phenomenon of marginal percolation is now beginning to receive attention.
By the criteria of clinical observation many acrylic fillings appear to remain watertight for a considerable period of time. Indeed this receives some confirmation from in vitro experiments conducted by two members of this Section. The explanation of this apparent seal may lie in the efficiency of the bonding, either physical or chemical, of the filling to the cavity walls, and perhaps in the lower temperature range to which anterior restorations are actually subject. The third possibility is that seepage may, in fact, occur for varying periods of time without becoming clinically manifest as such.
The clinical recognition of seepage must obviously depend upon the tendency to staining and the caries-proneness of the individual; both of these are clearly variable factors. In the complete absence of both one could imagine that marginal percolation might continue undetected for very considerable periods. In mild instances of either a similar state might perhaps occur. One the other hand we know that marginal failure may occur within a disconcertingly short period and the practitioner, whilst blaming the inherent properties of the material may also admit the possibility of failure in manipulation. There seems to be a general consensus of opinion that caries recurrence is more common around acrylic than around silicate fillings. My experience does not convince me that this is so.
Several favourable properties of acrylic derive from: the inert character of the polymerized mass; it is insoluble in water and therefore not subject to surface dissolution; its low thermal conductivity; and its ability to remain comparatively unaffected by substances commonly ingested.
There is abundant histological evidence of the irritancy of this material during its insertion, and ample clinical experience of the occurrence of non-vital and moribund dental pulps. In this respect it may be claimed that the situation is no worse than with silicate cements and, but for the fact that zinc oxide and eugenol are debarred, this would seem to be so. The factors governing the avoidance of irritation would appear to be identical in the case of both materials, and I am again impressed by our need for a lining material which, while being non-irritant in itself, will provide an impermeable barrier, will have no deleterious effect on the filling, and will not significantly block out undercuts made for retention. There is one cement available which apparently approaches some of these criteria. Furthermore, the impregnation of dentine by zinc ferrocyanide precipitate may possibly have some claim in this field.
In terms of the technique of cavity preparation and the exclusion of moisture we again find virtually no difference in the handling of acrylic and the silicate which we hoped it might displace. The cavity for any plastic filling of low adhesiveness must be mechanically retentive and the requirements for acrylic are certainly no less demanding than those for the cement. Although moisture contamination is more noxious in the type of resin activated by sulphinic acid no one would claim that anything less than complete control of a dry cavity is a primary necessity.
Many operators have remarked upon the delay in polymerization in the case of filings of minimal size. This is held to be due to the rapid conduction of heat away from such a filling and has resulted in the inadvertent dislodgment of a partially polymerized mass. Variations in behaviour due to high or low room temperature are a trap for the unwary and, where the prescribed technique has been followed with care, variation in setting characteristics lead the operator to the conclusion that some variability or deterioration in one or more of the components is the only reasonable explanation.
In this brief review of the clinical value of the material I must not fail to pay tribute to the workers who have been responsible for the development of a substance which at first appeared to be a marked advance in restorative technique. In a modified form it may yet prove to be so, but so far, it appears to be limited in its application, requiring a punctilious technique and, even so, susceptible to unforeseen failure.
A material designed for frequent use by the rank and file of practitioners should not throw demands upon the skill, time and application of the operator without some very marked advantage to be gained in its use. Such marked advantage cannot, I submit, be convincingly claimed in support of the autopolymerizing acrylic used as a direct filling material.
